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Description 

Fusion pxoteina with iamuijiottlobuiin portion*, thft 
preparation and U«e thereof 



The invontion relate & to genetically engineered soluble 
fusion proteins cowiooaed of huaian proteins not belonging 
to the immunoglobulin family, or of parrs thereof, and of 
10 various portions of the constant region of immunoglobulin 
j&oieculea. The functional properties of the two tun Lon 
partners are, surprisingly, retained in the fusion 
protein . 

HP-A 0 32 5 2€2 and SP-A 0 314 317 disclose corresponding 
15 fusion proteins composed of various domains of the CD4 
membrane protein of human T cells and of human XgGl 
portions . Soma of these fusion proteins bind with tha 
same affinity to the glycoprotein gp!20 of human inmuino- 
deficianey virus aa tha call-bound CT>4 molecule. The CD4 
20 ntolscule belongs to the immunoglobulin family and.- 
consequently, has a very similar tertiary atructure to 
that of immunoglobulin atoleculea. Thin also applies to 
tha a chain of the T-cell antigen receptor, for which 
such fusions have also been described [Gaeccigne et al., 
25 rcoc. Satl. Acad* 6oi. USA, vole 84 2*37-2940) . 

Keuce, on the basis of the very similar domain structure, 
in this case retention of the biological activity of the 
two fusion partners in the fuBion protein vaa to be 
expected* 

30 The human proteins vhich are, according to the invention, 
preferably coupled to the amino terminus of the constant 
region of immunoglobulin do not belong to the immuno- 
globulin family and are to be assigned to the following 
classes: (i) oambreno-bound proteins vhoaa a*tracoilular 

S3 domain is wholly or partly incorporated in the fusion. 
These are, in particular, thromboplastin and cytokine 
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receptors and growth factor recaptora, auch as the 
cellulax receptors for int*rleukin-4 , interl*ukin-7 , 
twmor necrosis factor, GM-CBFj G-CSF, erythropoietin; 

(ii) non-inembrano- bound solubl* proteins which are wholly 
s or partly incorporated in the fusion, These are, in 

particularly, proteins of therapeutic interest such so, 

for example, erythropoietin and other cytokines and 

growth factors* 

The fuaion proteins can be prepared in known pro- and 
10 euknryotic expression syatacns, hut preferably in raatnrasl- 
ian cells (for example CftO, COS and BHK cells). 

The fusion proteins according to the invention are, by 
reason of their immunoglobulin portion, easy to purify by 
affinity chromatography and have improved pharmacokinetic 
15 properties in vivo* 

In many caaea, the *c part in fusion protein is 
thoroughly advantageous for use in therapy and diagnosis 
and thus roaults, for example, in improved pharma- 
cokinetic properties (KP--A 0232 252). Cn the other hand, 
for scroe uses it would be desirable to be able to delete 
the Fc part after the fusion protein has been expressed, 
detected and purified in the advantageous manner 
described- This is the caae vhen the rc portion proves to 
be a hindrance to use in therapy and diagnosis, for 
25 example when the fusion protein is to be used aa antigen 
for immunisations . 

There are in existence various proteases whose use for 
this purpose appears conceivable . Papain and pspsin are 
employ sd, for example, to generate F(ab) fragments from 
10 immunoglobulins (Immunology, ed. Jtoitt, I. et al>, Gcwer 
Medical Publishing, London (1*89)), but they do not 
cleave in a particularly specific manner. Blood coagula- 
tion factor Xa by contrast recognises in a protein the 
relatively rare tetrapepcids sequence lle-Glu-GJy-Arg and 
35 imrfemu t> l«ydxuiyii-o clc*v«>qc of the proto.i* aftar thft 



20 
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argini.no residue . Se<jur?Mi:i:;> w1i> % i:U uwitain iho 
described tatrapeptlda were introduced first by Nagai and 
Thogareen in a hybrid protein by genetic engineering 
mean* {Nagai, K. and Thogeraen, W.C>, Kature, vol. 309 
5 (1384), 810-812). These authors were able tc show that 
the protaina expr eased in coll actually are specifi- 
cally cleaved by factor xa. However, there is ae yet. no 
published example of tha possibility of such proteins 
a* bo being expteseed in eulearyocic and, eapeclelly, in 
10 animal cells and, after their purification, being cleaved 
by factor Xa> However, expresaion of tha proteins 
according to tha invention in animal cells is preferable 
because only in a cell aystam of thia type is there 
axpBctad tc be accretion of, for exeiaple, normally 
15 membrane -bound receptors ua fusion partners with 
retention of their natural structure and tbua of their 
biological activity. 3ecretion into tha call culture 
supernatant: facilitates the subsequent straightforward 
purification of the fusion protein. 



20 The invention thna relate & to genetically engineered 
soluble fusion proteins composed of human proteins not 
belonging to the iamunogl obulin family, or ci parts 
thareof f end of various portions of the constant regions 
of heavy or light chains of immunoglobulins *o£ various 

23 subclasses (igO* Ig», IgA, lgE)< Preferred as imamnow 
globulin is the constant part of the heavy chain of human 
igG, particularly preferably cf human IgGl, vhara fusion 
takes place at the hinge region* rn a particular embodi- 
ment, tha Fc part can be removed in a eiraple vay by a 
50 cleavage sequence which ia also incorporated and can be 
cleaved with factor Xa* 



Furthermore tha invention relates to proceacea for the 
preparation of these fualon pronelne by genetic engineer- 
ing, and to tha use thereof for diagnosis and therapy. 
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•Che invent: ion will now be dssorttj*rt in relation to the 
dxawinu.fi, in which: 

Figure 1 show* two oil gonueleotido pro*** molecules 
5 uffod in cloning of thrauvbopla*r.in cdmA; 

Figure 2 fchovs the nucleotide Sequence of. clone 2b- 
j^rS with tho thromboplastin amino acid sequence deduood 
there frottj 

Figxire 3 showa two oligonucleotide aequencoa which 
!0 are partially homologous with the sequence o£ bhfit coding 

strand a"d with the non-coding atr&nd <a) of 

thromboplastin cOHA; 

Figure 4 r>ho*e tte restriction flap of piaBntid 

l5 Figure 5 shows two oligonucleotide soqufcocfiB which 

are partially homologous with tho sequence of the coding 
strand (A), and with tho non-coding strand (B) of the xL-4 
receptor c&N* cloned in the vector pOC302/T2:2-3 ; 

Figure 6 shows the restriction map of piaemid 

20 prU5U-cj 

Viguro 7 ahowa lwo oiigonuclcoUde sequencea A and 
B *h.i.cn are partially homologous with the nequance of the, 
coding atrand (A) , and tilth the non-coding strand <&) of the 
BPO cDHft cloned in tho vector pCKS; and 
2 5 figure 3 shows the restriction map oC plasnud 

pjf i'OFc . 



Finally, tho invention iu explained In further oxamplee. 



http://patents 1 .ic.gcxa/fcgi-bin/any2html 



02045869dis.afp Page 5 



- 4 



2045869 



Rsaiaple I: ITiromboploetir. fusion proteins 

Blood ooagulaticn is a process of central importance In 
the human body. Thar* is appropriately delicate regula- 
tion of ttie coagulat ion cascade, in which » large numbflr 
5 of cellular factors, and plasma protein* cooperate. Thane 
proteins (and their co factors) in their entirety are 
called coagulation factors. The final products of the 
coagulation cascade are throanbin, which induces the 
aggregation of blood platelets, and fibrin which stabil- 
10 iaea the platelet thrombus. Thrombin catalyzes the 
formation of fibrin from fibrinogen and iteelf ie formed 
fry limited proteolysis of prothrombin. Activated factor 
X (factor Xa) is responsible for this step and, in the 
prsaonce of factor Va and calcium ion», bind* to pUtelet 
15 membranes and cleaves prothrombin. 

Two ways eaiat for factor X to be activated , the extrin- 
sic and the intrinsic pathway. Xn the intrinsic pathway 
a aeries of factors is activated by proteolysis in order 
for each of thara to form active pro teas eo. In the airt.rin- 
20 sic pathway, there is increased synthesis of thrombo- 
plastin (tiaeue factor) by damaged ceils, and it acti- 
vates factor X, together with factor VI J* and calcium 
ions. It was formerly assumed that the activity °f 
thromboplastin is confined to this reaction. However, the 
25 thromboplastin/VIlA complex also intervene a to activate 
the intrinsic pathway at the level of factor XX. Thus, a 
thronboplaatin/VIIa complex ie one of the most important 
phy Biological activator a of blood coagulation. 

It is therefore conceivable that thromboplastin, apart 
30 from its use aa diagnostic aid (see below) r can also be 
employed aa constituent of therapeutic agents for treat- 
ing inborn or acquired blood coagulation deficiencies. 
Examples of this are chronic hemophilias caused by a 
deficiency of facrora Vtli, IX or XI or eiae acute 
35 diaturbancea of blood coagulation as a consequence of, 
for example, liver or kidney disease. Use of: auch a 
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therapeutic agent after *uro,ici.al intervention would aL»o 
be rone livable. 



Thromboplastin is an integral membrane protein whiah does 
not belong to the indmHrt09.l0bul.in family* Thromboplastin 
5 CDNA sequences have bewrt published by a t.Otal of four 

groups (Fisher et al Throooah. Rea > , vols 4B (1907), 
39-99; Korriaey et al. f call, vol. SO (19&7), 125-135? 
Scarpati et al., Mochemiatry, vol. 26 (1987), 5234-523B; 
Spicer et al*, Froc* Hatl* Acad, Sci« USA, vol* 84 
10 (1907), 5148-5152). ThrorabOpl aetin CDNA contains an open 

reading frame which codes for e polypeptide of 29S amino- 
acid rosidu«a, of which the 32 H- terminal amino acid* act 
aa aignal peptide. Mature throraboplaat in comprises 
253 amino -acid residue e and has a three-domain structure* 
IS i) amino-tBrminal Bxtracellular domain (219 araino-acid 

residues); it) transmembrane region (23 amino-acid 
residues); iii) cytoplasmic domain (carbosy.1 tsrwinusj 
21 amino-acid reuiduBB) . In the extracellular domain 
there are three potential sites for N-glycoaylatlon 
20 {Asn-x-llir} , Thromboplastin is normally giyooaylated but 
diyeosylation does not appear essential for the activity 
of the protein (Paborslcy et al. r Biochemistry, vol. 29 
(1909), 8072.-3077} . 

Thromboplastin is required as additive to plasma sample* 
25 in diagnostic test* of coagulation. The coagulation 

status of the teated person can be fouTid by the one-stage 
prothrombin clotting time determination (for example 
Quick's teat} . The thromboplastin required for diagnostic 
tests la currently obtained from human tissue, and the 

30 preparation process is difficult to standardize, the 
yield is lew and cons id arable amounts of human starting 
material (placentae) must be supplied. On the other hand, 
it is to be expected that preparation of native, 
membrane-bound thromboplastin by gBnetic engineering will 

35 also be difficult owing to complex purification proces- 
ses. These difficulties can be avoided by the fusion 
according tD the invention to immunoglobulin portions. 
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The thromboplastin fusion proteins according to the 
invention are secreted by mwumalian cell* (tor exarople 
CRO, SHK, COS cella) into the culture aadiufli, purified fcy 
affinity chromatography on protein A-Bepharoso and have 
BurpxiBingly high activity in the one-stage prothrombin 
clotting tiwe determination. 



Cloning of thromboplastin cCHA 

The sequence published by Scarpati et al.. Biochemistry, 
vol. 26 (1937), $234-5236, was used for cloning thB 
10 thromboplastin cDMa, Two oligonucleotide probe molecules 
(»e& Fig> 1) were derived from this. Tliase t*o probe 
molecules were used to screen a cDMA bank from human 
placanta (Grundmann et el«, Proc, l?atl« Acad. Sci« USA, 
vol- ft3 (1966), 8024-8028). 

15 cDNA clones of various lengths were obtained. One clone, 
2b- Apr 5 f which is uoe4 for the subsequent procedure, 
codes for the same amino- acid sequence as the cDMA 
dsacribad in scarpati et al. Pig- 2 dapicts the total 
setjuBftce of the clone 2b-Apj;5 with the thromboplastin 

20 araino-acid sequence deduced therefrom. 

Construction of a hybrid plaismid plTlYc coding for 
thromboplastin fusion protein- 

The piaswid pCtrtfi gamma 1 (BP 0 325 2S2 A2; deposited at 
the ATCC under the number No. 67610) is used for 
25 expression of a fusion protein composed of human CD* 
receptor and human IgGl. The DBA sequence coding for the 
extracellular domain of Co4 is deleted from this plaamtd 
using the restriction onsymeB- Hindi J X and BaraHl, Only 
partial cleavage must be carried out with the enayme 
30 Hindlll In this case, in order to cut at only one of the 
two Hindlll sitae contained in pCD4B gaums 1 {position 
2199)' The result is an opened vactcr in which a eukary- 
otic transcription regulation sequence (promoter) is 
followed by the open Hindlll site. The Open BamHI €ite is 
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located at the start of tha coding regions for a pent a- 
peptide linfcor, foLlowed by the Uinge and the CH2 and CH3 
domains of human Iy<31- Thft reading frame in tha BamHl 
recognition ee^uence KA^ECC in such that OAT is trans- 
lated as aspartic acid, Ollh araplixication vith 
thermostable ON A. polymerase makes it passible to raodify 
a given frequence in auch a way that any desired sequences 
are attached at one or both ends. Two oligonucleotide* 
able to hybrid! ae vith sequence* ill the 5 '-untranslated 
region (Ai 5' CiATCtoATTAAGCl'lCC^^CCCCXZTCGi'rCTCGCCyCC 3'} 
or 

coding region 

(B: 5' GCATATCTG<^TCCCCCTA<^ 3 r ) of 

thromboplaatin cDHft were eyntheeiaed. Of these, oligo- 
nucleotide A is partially homologous with the sequence of. 
the coding strand, and oligonucleotide B it partially 
homologous with the non-coding strand; cf . Pig* 3- 



Thus, amplification results in a dha fragment (&27 bp) 
which contains (baaBd on the coding strand) at the 5* end 
20 befora the start of the coding sequence a Hindlll site, 
and at the 3' end after tbe codon for the first three 
amino- acid residues of the transmembrane region a BaroRl 
site. The reading fraroe in the BamHI cleavage site ia 
such that ligation with the &air*fl site in pCD43 gamma 1 

25 results in a gene fusion with reading frame continuous 
from the initiation codon of the thromboplastin cPWA to 
the stop codon o£ the heavy chain of IgGl- The desired 
fragment was obtained and* after treatment with Hindi II 
and fcasttU/ ligated into the vector p£u*E gamma l r as 

30 described above , which had been cut with Hindi XX 
{partially} and BawiHI, the resulting plaamld was called 
pTFlFc (Fig- 4) - 

Tranaf action of pT?lFc into mammalian ceil a 



The fusion proteio encoded by the plaamid p^FlFc is 
35 called pTPirc hereinafter. pTFlPC wae tranaiantly 
expressed in COS cells* For this purpose r COS cells were 
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tranefected with pTFlFc with the aid *f DBAE-daxtran 
A 0 325 2S2), Indirect iiomuno fluorescence investiga- 
tions r^dUd that the proportion of trart* fectod ceils 
WdB about 2S 24 h aft** transection, ths calls WW 
transferred into fteruin-free medium. Thift ceil supernatant 
was harvested a£ter a further three days. 

Purification of pTPIPe fusion protein from cell culture 
supo mat an 1 8 

170 *1 Ot supernatant from transiantly tranafected COS 
qeUa wars collected overnight in a batch process in a 
column containing 0.8 ml of protein A-SsphaTOsa at 4*C, 
waahed *ith 10 volumea of washing buffer {$0 mn trie 
buffer pH B.e f ISO mK S*C1) and eluted in 0*5 ml frac- 
tions with eluting buffer (93x7 LOti mM citric acid* 
L00 mK sodiua citrate), The first 9 fractions vera 
Lnunediately neutralisod Kith 0.1 ml of 2K trifl buffer 
pH a»6 in each case and then combined, and the resulting 
protein was transferred by three concentration/ dilution 
cycles in an tonicon microconcentrator (Centricon 30) into 
1T4B buffer (50 nitt tris buffer ptf ?»*r 50 mH tfaCl, 1 TftM 
BOtfA). 'In* pTFUc obtained in thia way ia pure by 
SDS-PW32 electrophoresis (U.K. Lfeuajli, Hature 22? (197 0) 
6 80-685) > in the absence of reducing agents it behaves in 
the SDS-PAGK li*e a dijnar (about 165 KQa). 

Blolotjical activity of purified TFlFc in the prot.hiombin 
clotting time determination 

rElFc fusion protein is active in law concentrations 
{> 50 ng/al) in the one-atage prothrombin clotting time 
determination {Vinastcer, H« Gerinnungsphysiologie und 
Methoden i» Blutgerinnunga labor C^^79> , Fisher Veriag 
Stuttgart). Tha ciottlog times achieved are comparable 
vith the clctting tines obtained vith throsnboplastin 
isolated from human placenta. 
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Example 2% lnterlRukin-4 receptor fusion proteins 

Jntarleukin-4 (IL-4) ia synthaaised by T colla and was 
originally called B-cali growth factor pBcau&a it is able 
to atiwulate B^cell proliferation. It exarta a larga 
5 number o£ ex foots on these cnlle. One in particular is 
the stimulation of synthesis of molecules of immuno- 
globulin aubclaaaeB lgGl and IgB in activated B C«U» 
(Coffiaann at al<, Immunol. Rev,, vol* 102 (19Bfl) 5). In 
addition, IL-4 alao refculatea the proliferation and 
JO dif ferantiation ox T calla and other hemopoietic cells. 

It thus contributes to the regulation of allergic and 
other immunological reactions* bind* with high 

affinity to a specific receptor, The cDKA which codes for 
the humeri 1L-4 receptor h^a been isolated (Idzerda at 
15 al. p J, E*p. Ked., vol. 171 (19&Q) 861-873). It la 

evident from analysia of tha amino-acid aequenc© deduced 
iroitt the cDUa sequence that tha 1L-4 receptor i» composed 
of a total of 825 amino acida, with the 25 W~ terminal 
amino acids acting as signal peptide . Mature human It-4 
20 receptor ia composed of BUO amino acida and, like 
thromboplastin, has a three-domain structures i) amino- 
torminai extracellular domain (207 amino acida)? 
ii) transmembrane region (24 amino acida) and iii) 
cytoplasmic domain (569 amino acids) . In the axt.ra- 
25 cellular domain there aro iix potential sites for 
N-glycosylation (Asn-X-Thr/Ser ) ♦ receptor has 

homo Iodise with human Ifc--S receptor , with the 0-aubunit 
of human IL-2 rreceptor, with mouse erythropoietin 
receptor and with rat prolactin receptor (Idaerda et al., 
30 loc. cit*). thus, like thromboplastin, it is not a member 
of the immunoglobulin family but is assigned together 
with the homologous proteins mentioned to the new family 
of hecnatopoietin receptors* Members of this family have 
four cyateine realdua-s and a conserved sequence 
35 (Trp-Sar-X-Trp-Ser) in the extracellular domain located 
n&ar the transmembrane region in cowmen- 

On the basis of the described function of the ii,-4/il~4 
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receptor ay » torn , there 1b a possible therapeutic uae of 
a recombinant form of the n*-4 receptor for suppressing 
tt-4 -mediated immune reactions (for example transplant 
rejection reaction, autoimmune diBeaaea, aller gic reac- 
5 tiona) . 

The amount of 6ub£tance required for therapy wakes it 
necessary to prepare auch molecules by genetic 
engineering* Because of the straightforward purification 
by affinity chromatography and improved pharmacokinetic 
10 properties, according to the invention thB synthe&is of 
soluble forma of the 1L-4 receptor as imunoglofeulin 
fueion protein is particularly advantageous. 

Th© 3L-4 receptor fusion proteins are secreted by mammal- 
ian cells (for example CHO, »H*r COS cells) into the 
15 culture medium, purified by affinity chromatography on 
protein A-flBpharo*e and have, surprisingly, identical 
functional properties to the extracellular domain of the 
intact membrane-bound IL-4 receptor molecule. 

Construction of a hybrid plasmid pIL-4HPc coding fox II--4 
20 receptor fusion protein - 

Cutting of the plaemid pCD4£ 0,aJNnal with XhoJ and BainHI 
result s in an opened vector in which the open Xhol site 
is located downstream from the promoter sequence. T"he 
open BnmHI site is located at the start of the coding 
25 regions for a pentapeptide linker, followed by the hinge 
and the CH7 and CK3 dentins o£ huavan tgGl. *he reading 
frame in the *amHl recognition sequence QGATCC is ouch 
that GAT is translated as aspartlc acid. DHA amplifica- 
tion with thermostable dha polymer as© mates it possible 
30 to modify a given sequence in such a way that any desired 
sequences can be attached at one or both ends. Two 
oligonucleotides able to hybridize with sequences in the 
5' -untranslated region 

(JU 5 r ^TCCAGTMTCGAGRGAGftAGCC 3') or 

35 coding region 



180 c 
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(Bl ?' CTATGftCATGCaTCCTGCTCCSAA 3 ') 
of the 11—4 receptor cDN*L which is clone-d la the vector 
PDC302/T22-8 (Idzerda ex al., loc . cit.) were 
»ynthssized. Of these, oligonucleotide A Ib partially 
homologous with the sequence o£ ths coding strand, and 
oligonucleotide 6 i* paxtially homologous with the non- 
coding strand? cf. Pig. S. Amplification using thermo- 
stable DKA polymerase results in a DMA fragment (835 bp) 
which, based on the coding *tr»nd, contains at the 5' end 
before the start of the coding sequence an JthoT site, and 
at the 3' end before the last codon of the extracellular 
domain a fiamHI cite. The reading frame in the BamHI 
cleavage site is such that ligation with the BamHI sits 
in pCD4E goama 1 results in a gene fusion with a reading 
frame continuous from the initiation codon of the II.- 4 
receptor c&NA to the stop codon of the heavy chain of 
tgGl. The desired fragment was obtained and, after 
treatment with Xhol and BamMl, llgated into tho vector 
pCD4E ganana 1* deacribsd above, which had been cut with 
xhoi/BaiaRl. The resulting plasmid was called plURPc 
(Fig. 6). 

Trans feet ion of piT.*RJ?t: into mammalian cells 

The fun ion protein encoded by the plaamid pIL4RFc is 
CAlled plLJKFc hereinafter. pHtlWc was transiently 
expressed in COS cells. For this purpose, COS cells ware 
transacted with plfcWc with the aid of DEAE-dextran 
[Z? A 0 325 2S2). Indirect imijuinof luoroacence investiga- 
tions revealed that the proportion of transfected ceils 
«aa about 25 %- 2* h after transection, the cells were 
transferred into serum-free aediunw 3hia ceil aupernatant 
was harvested after a further three days. 



Purification of fusion protein from coll culture 

supernatapts 

500 ml of aupernatant from transiently transfected COS 
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cells were collected ovu might in a batch process in a 
column containing l.& ml of protein A-Sepharo«« at 
washed with iO volume a oi washing buffer (50 mM trie 
buffer pH B.6, 150 naCl) and oiuted in 0.5 ml frac- 

5 tions with aluting buffer (93i? 100 i»M citric acid* 
100 mK sodium citrate), The first 9 fraction* wra 
ijDin&diately neutralised with 0.1 ml of 2M trie buffer 
pH fl . 6 in each case and than combined, and the resulting 
protein was t cans furred by three cone entration/di bit ion 

10 cycleB in. an Amicon micrDConeotitrator (Centricon 30) into 
TNB buffer (50 mK trU buffer pH 7.4, 50 mK HaCl, 1 mK 
EDTA}, The IL4RFC obtained in this way is pure by 
SUS-PAGB electrophorasis (V,K. :Lammli, Nature 227 {i970) 
fiB0-6fcJv)* In the absence of reducing agents it behaved in 

15 the like a dimer (about 150 XDa) . 

Biologic 6)1 activity of purified IMBfc 

IL4WTC proteins blnda lZ3 I -radio labeled IL-4 with the aamB 
affinity (3^=0.5 nM) aa membrane -bound Intact reaep- 
tot. It inhibits the proliferation of II*-4-«depandent call 

20 line CTLL«UIJ>-4ftI clone D (Idserda et all/ loc. cit.) in 

concentrations of 10-1000 ng/ral- tn addition, it is 
outstandingly suitable foi developing binding aeaaya 
because it can ba bound via iua Yc part to mfcrotiter 
plates previously coated with, for example, rabbit a-nti- 

25 human XgC, and in this form likewise binds its Uganda 
with high affinity. 

Example It Erythropoietin fusion pzoteins 

Kature erythropoietin (RFO) la a glycoprotein which is 
composed of 166 amino acids and ia essential tor the 

30 development of erythrocytea . It stimulates the maturation 
and the terminal differentiation of erythroid precursor 
calls « the CDNA for human BPO has been cloned 
(2P-A-0 267 678) and codes for the 1S6 amino acida of 
mature SPO and a a l anal peptide of 22 amino acids which 

35 ia essential for secretion. Tha cdna can b* used to 
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prepare recombinant functional in genetically 

manipulated mammalian calls and the E*0 can bo en-ploy Bd 
clinically for tho therapy of anemic mani fe* tat tone of 
various otiDlogiaB (for example associated with acute 
renal failure)* 

Because of the atr aight forward purification and the 
improved pharmacofc luetic properties , according to the 
invention synthesis of EPO as iwmunogLohulin fusion 
protein ia particularly advantageous. 

Construction of a hybrid plaemld pEPOPc coding tor 
erythropoietin fusion pxotBln. 

This construction was carried out in analogy to that 
described in Katasiplft 2 (section* "Construction of a 
hybrid plaszuid pl£i-«ftfc coding for 11-* receptor fusion 
protein"). Two oligonucleo tides able to hybridize with 
sequences in the vicinity of the* initiation codon 
(Ax S'(ttT(^TCTC«*CttT^^ 3') 
and o£ the stop codon 

(Bs U 1 CTOC^TCGGATCCCCTGTCCTGCAGGCCTCCCC7GTGTACAGC 3') 
of the EPO cDHA cioned in the vector pCBS (EP-A 0 267 
679) were synthesi3ed- Of these, oligonucleotide A is 
partially homologous with the sequence of the coding 
strand, and oligonucleotide B is partially hOKioloQfOus 
with the non-coding strand? cf. Pig. 7. Amplification 
with thermos table DMA polymerase results in a OTA frag- 
ment {598 bp) which, based on the coding strand, uontainfi 
at the 5' end in front, of the initiation codon an xbol 
site and in which at the 3' end the codon for the 
penultimate c-tersninal amino acid residue of the BVO 
(Asp) is pvessnt in a BaraHI recognition sequence. The 
reading fraras in the BawHX cleavage site is such that 
ligation with the BamHI site in pCD4E gauuna 1 results in 
a gene fusion with a reading frame continuous from the 
initiation codon of EPO cDKA to the stop codon of the 
heavy chain of igGI. The desired fragment was obtained 
and, after treatment with Khol and 0omH*, ligated into 
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the vector pCD4E gamma 1, described above, which had bean 
cut with XhoI/BaroKI. tha resulting plaemid vaa called 
pBPOFc (Fig. 6) . 
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TUB EKBODlttCWi'S OF TKC INVENTION . 1H WUCEI AN 12XCLUSTVE 
PROPERTY OR PRIVILEGE IS CLMKED ARB DEFINED AS FOLLOWS! 

1. A soluble fusion protein composed Of hum»n pro tains 
not, belonging to the immunoglobulin family, or of 
parts thereof, and of various portiuite of Lrarrmno- 

5 glcbuli.n molecules of all subclasses, 

2. A fusion protein as claimed In ciaim l r wherein the 
iiwnunogiobnlin portion is ths constant part of the 
heavy chain of human igG. 

3. A fusion pro tain as claimed in claim 2, wherein the 
10 immunoglobulin portion is the constant part of the 

heavy chain of human ioGl or a protein A-binding, 
fragment thereof, 

4* A fusion protein a* claimed in claim 2 or claim 3, 
wherein the fusion takos place at the hinge region. 



IS 



A fusion protein as claimed in claims l * 4 r wherein 
the protein fused to izzmmrtocrlabulin is £ha nxtra- 
cellular portion of a membrane protein or part* 
thereof. 



6, A fusion protein as claimed in claim* 1-4, therein 
20 the protein fused to immunoglobulin is the extra- 
cellular portion of thromboplastin or parts thereof- 

7, A fusion protein as claimed in claims 1 - wherein 
tHa protein fused to immunoglobulin is tho extra- 
cellular portion of a cytokine receptor or growth 

25 factor receptor or parte thereof. 

8, A fusion protein aa claimed in claim 7, wherein the 
protein fused to immunoglobulin is the extracellular 
portion of receptor or parts tlvereof , 



30 



9. A fusion protein as claimed: in claim 7, wherein the 
protein fused to immunoglobulin in the extracellular 
portion of JL-*? receptor or parta thereof* 
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XP, A fusion protein a* claimed in claim 7, wherein the 
protein fuoed to immunoglobulin, is the eKtrneel lular 
portion of turaor necropla factor receptor or parte 
thereof. 

il. A fuaion protein a* claimed in claitn 7, wherein the 
protein fused to iiwnwiogiobulin in the extracellular 
portion of C-CSF receptor or parts thereof. 



10 



12* A fusion protein a« claimed in claim 7, wherein the 
protein fused to tirasnanogiobulin is the extracellular 
portion of GM-CSF receptor or parte thereof. 



13 4 A fusion protein aa claimed in claiA 7, wherein the 
protein fused to iramunoglobuli n la the extracellular 
portion of erythropoietin raceptor or parts thereof - 

14. A fuaion protein as claimed in claim* 1 - 4, wherein 
1 5 the prot ei n f used to imnmnoglobul in is a non- 

membrane-bound soluble protein or part thereof . 

15 * A fuaion protein ae olaimed in claim 14 , wherein the 



protein fused to immunoglobulin is a cytokine or 
growth factor or part thereof. 



20 16, h fusion protein as claimed in claim IS, wherein the 
protein fused to iiramnogiobulin is erytliropoietin or 
part thereof* 



25 



17. A fusion protein an claimed in claim 15 < wherein the 
protein fused to immunoglobulin is GK-CS? or 6-CSP 
or part thereof. 



18. A fusion protein ae claimed in claim 15, vhorein the 
protein fused to immunoglobulin is interleufcin II*- 1 
to or part thereof, 
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13. A £usion protein as claimed in any of preceding 
claims I- IS, wterain a ± actor Xa cloevagr* ait© In 
additionally inserted between tha iinnwinoctlobiilin 
part and the non- immunoglobulin part. 



10 



2D. A procoa* for preparing fusion proteins aa claimed 
in any of ciaJLma I - 19, which comprise* introducing 
the DMA coding for these construct a into a maaunalian 
cell exprftSftion system audj after expression, 
Verifying the produced fusion protein by affinity 
chromatography via the immunoglobulin portion. 



21. The use of the fvwion proteins ao claimed 1a any of 
claims 1-19 for di&<piOBle + 



22. Tho u&e of the fusion proteins as claimed in any of 
ci alias l - 15 for therapy. 



i 
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23. The fusion protein as claimed in clAito I *nd 
substantially AC described herein. 
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Ab&tr&ct of thfc di bc loft are 



Fusion porotains with latnuinogLobulin portions/ 
preparation and vine thereof 



The invention relates to genetically engineered aolublo 
fueion proteins composed of huraan protelne not belonging 
to the immunoglobulin- family, or of parta thereof, and of 
various portion* o± the constant region of iirasNnoglobulin 
molecule*. «ie functional propertied of the tvra fuaion 
partner* are surprisingly retained in the fusion protein. 



